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EDITORIAL
The first thing one might picture when thinking of a scientist is a pleasantly
insane man with a shock of Einstein hair draped in a lob coat soaked with various
cancerous chemicals working feverishly in a secluded laboratory towards some
obscure goal that only he understands. Although some scientists today may still
sport a stylish Einsteinian head of hair, the truth is that scientists today neither work
alone nor are their goal obscure.
Here at the University of Illinois and many other universities, as well as in the
corporate world, scientists ore expected to work in teams on a goal of universal
importance. However, in order to insure that their research is actually of some
importance to the public, a scientist must know not only his own area of interest
well, but also hove a general knowledge of other areas of science. After all, if the
scientist at DuPont was so oblivious to the world that he missed World War II, he
would not have known that there was a need for a silk substitute and today nylon
would just be a scientific curiosity.
Research is supposed to benefit everyone, not only those of a limited scien-
tific community. The excitement Fleischman and Pons created with their an-
nouncement of the "discovery" of cold fusion and the heat generated as a
result was not because scientists wanted to warm their hands around a test tube
on those cold winter nights or even because they could boil water for their cof-
fee faster, but because the cold fusion signified that energy (electricity) could
be generated more cheaply and with less hazardous wastes that could benefit
everyone. The application was seen to be more useful than in just heating up
obscure reactions for chemists.
Especially in modern society, knowledge is power. Among engineers, this is
becoming even more important. A commonly voiced complaint about scien-
tists and engineers is that they do not hove enough of a humanities background.
However, it is not only humanities that ore lacking, but knowledge in other
sciences.
When students first come to the University of Illinois, they ore herded into
classrooms of 100+ students majoring in subjects varying from English to Electri-
cal Engineering. As junior year approaches, however, these students ore
expected to become more specialized within their own major and conse-
quently they end up in in smaller classes with people of similar majors.
Engineers ore expected to know a lot about one particular subject due to
the sheer volume of information to be digested, but in order for their knowledge
to be most beneficially applied, they should also know about the developments
in other areas of research. This is the reason for some of the interdisciplinary
projects between departments. Knowledge between departments con be
shared to achieve a common goal. Engineers should not only participate in
these interdisciplinary projects but also try to take classes in areas otherthan their
major, so that their contribution to society con be more than a scientific oddity.
Rather it con be something to actually improve on the quality of life of all people
not just those who want to heat up their coffee in lab.
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The Latest In Atom Smashing
Experimental high-energy
nuclear physics is a complicated
branch of an often confusing
science. Researchers in this field
try to determine the fundamen-
tal forces of nature and answer
the questions concerning the
beginning of the universe and
the construction of matter.
Experimenters from the Uni-
versity of Illinois at Urbana-Cham-
poign are working in teams with
other universities from this and
other countries such as Japan
and Italy in trying to discover a
theoretical division of matter
known OS the "top quark". A
quark is a composite of matter
that is smaller than a proton. It is
now considered to be one of the
basic building blocks of matter,
just OS Aristotle believed the atom
to be.
Most of this research is car-
ried out at Fermi National Accel-
erator Laboratory located in
Batovia, Illinois, currently the
world's largest atom smasher. This
is a large physics laboratory run
by a conglomerate of universi-
ties for the purpose of investigat-
ing high-energy physics. The
question which spurs this research
is simply, "What do you get when
you break opart the smallest
pieces of matter you con find?"
The answer is smaller pieces of
matter.
This done by taking a hydro-
gen nucleus (a proton) and then
accelerating it around a large
ring while giving it electrical
energy, and then smashing it into
something. This something can
either be a fixed target, usually
some metal, or other acceler-
ated particles, known as anti-
protons. When this collision oc-
curs, new particles are formed,
and it is these particles in which
researchers are interested. The
University of Illinois Physics Depart-
ment is currently working on an
experiment known as the Col-
lider Detector Facility (CDF) which
in essence uses a very large
microscope to detect various
sorts of information such as the
type and energy of the particles
formed from proton-anti-proton
collisions.
In the most recent run of
experiments at CDF, (from June
1988 to June 1989), data was
taken in search of the top quark.
This is the last of a group of six
quarksto be found. Quarkscome
in pairs- "up" and "down" quarks
combine to give us normal mat-
ter such as protons and neutrons.
The next generation, or pair, of
quarks are known asthe "charm"
and "strange" quarks. These
quarks have masses which are
much greater than that of a
proton and are only found in solar
systems that are just developing
and theoretically in the very early
universe. They combine to give
exotic types of matter not found
in the earths natural environment.
The last generation of quarks are
the "top" and "bottom" (or
"beauty") quarks. These quarks
are much heavierthon the charm
and strange quarks, and so far
only the bottom quark has been
found. The top quark is postu-
lated because it finishes several
complex symmetries seen in ele-
mentary particle physics. The
problem with finding this quark is
its mass. The larger the mass of
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An aerial view of the Fermilab complex in Batavia . II.
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The CDF can detect particles resulting from proton - anti-proton collisions.
the particle to be created, the
more mass the original protor^
needs to have, because only a
small fraction of the moss of the
proton will go into any one par-
ticle. Also for this reason the
heavier particles are produced
lessfrequently. The top quark has
not yet been found , but the 1 988/
1989 run of U of I experiments set
a lower limit on its moss of about
77 GeV (77 billion electron volts),
or 77 times the mass of a proton.
This mass is derived from the fun-
damental equation of Simple
Relativity (E = mc2) where the
energy of the proton may be
related to mass. As the proton is
accelerated around the ring at
Fermilab, it will increase in mass
due to the energy it accumu-
lates. Hence a quark may weigh
more than a proton eventhough
they are smaller parts of matter.
The researchers will try to find the
top quark again in 1991.
Besides looking for the top
quark the CDF experiment made
precise measurements of the
masses of the W and Z particles.
They are also looking for data
which does not fit the "standard
model" of high energy physics.
CDF is also involved in a
number of other experiments at
Fermilab. One experiment is look-
ing at the production of charm
and beauty quarks as photons
decay, and another is looking for
particles called axions which are
low mass neutral particles pro-
duced by the decay of -e+e
(electron, positron) pairs and
photon pairs.
The University of Illinois is also
involved in the Superconducting
Supercollider (SSC) which is a
particle accelerator that has
been proposed to be built in
Texas. This new accelerator will
use a ring of magnets 53 miles in
circumference to accelerate
protons to energies twenty times
that available at Fermilab. This
higher energy is needed to an-
swer fundamental questions of
particle physicswhich cannot be
answered with the existing equip-
ment. Another particle which has
been postulated is the Higgs
Boson, but its mass is too great for
it to be produced at Fermilab,
but the SSC might be able to
generate it. More power is
needed to answer the ver/ fun-
damental questions of the
universe.
— Mark Russell
photo by lodd Arbetter
Dr. Stephen Ewede is one of the many
UofI professors studying quarks.
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c eramics - Into The '90's
Originally from the ancient
Greek word "keramos' for ob-
jects fired from clay, ceramics
t^ave a longer history than might
be apparent at first glance. Struc-
tural clay products, whitewares
and glass encompassed the
extent of the original definition of
ceramics. Since then, the defini-
tion has expanded to include
engineered materials, namely
structural and electronic ceram-
ics and gloss. Each of these
classes of ceramics have unique
properties. These unique proper-
ties ore attributable to the local
bonding between the atoms,
which in most coses is ionic, or in
some exceptions covolent. Other
properties include electrical resis-
tivity, high temperature stability
and strength. These properties
mode ceramics uniquely appli-
cable in specialty situations. Elec-
trically, most ceramics (except
in superconducting applications)
offer exceptional electrical resis-
tivity, making them useful in a
number of non-conducting
applications. Stability under high
temperature applications is also
on advantageous result of the
ceramic bonding characteris-
tics, enabling them to withstand
temperatures two to three times
those of metals (ceramics: 2000
to 3000 degrees Celsius, metals:
around 1000 degrees Celsius)
and four to six times those of
polymers (around 500 degrees
Celsius). This high temperature
stability makes ceramics suitable
OS refractories into which molten
metals may be poured. A final
beneficial property if the ceram-
ics strength. Many ceramics con
endure higher factors of stress
A stress fracture in a ceramic.
photo by Chris Guy
and strain than their traditional
metal counterparts, but if they
do foil, the results ore devastat-
ing. This failure is the subject of
continuing research at the Uni-
versity of Illinois at Urbono-Chom-
paign.
One of the biggest chal-
lenges facing engineers today is
the tendency of ceramics to foil
cotastrophicolly. While many of
the ceramics' other properties
are on par with, if not superiorto,
theirtraditional counterparts, this
problem is a major hurdle in the
implementation of ceramics in
load-bearing structures. Specifi-
cally, this failure involves brittle
fractures in the ceramic. Having
reached a critical size, a crock
will propagate exponentially,
rupturing the otherwise high-
strength atomic bonds. This may
be contrasted to a metals supe-
rior ductility. Before o cata-
strophic failure occurs, a metal
will endure more stress, often
accompanied by its own set of
caution sounds.
A process known as trans-
formation toughening now ap-
pears to be o possible solution to
averting failure. This process in-
volves the introduction of zirco-
nio to retard crock development.
A composite ceramic using zir-
conia has significantly improved
mechanical properties. As a
crock propagates at a certain
critical temperature, zirconio
undergoes a volume expansion,
pushing in on and effectively
sealing the crock. Not alone, zir-
conio is a member of on ever-
increasing number of "transfor-
mation tougheners' that have
the common characteristic of
undergoing o volume expansion
due to certain conditions of pres-
sure and temperature.
It is hoped that this growing
body of knowledge will in the
future moke a significant contri-
bution to the advancement of
materials research in general,
and to ceramics in particular.
With a growing number of mate-
rials in the world being replaced
bythe newer, more sophisticated
counterparts, ceramics will cer-
tainly be a port of the materials
revolution.
— Alexander G. Guarin
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ioengineering Clean Water
I enrolled in the University of
Illinois' environmental engineer-
ing graduate program with a
naive goal: I wanted to solve the
world'swoterpollution problems.
I hod heard about studies linking
water pollution to high cancer
rates in industrial regions. In
Woburn, Massachusetts, for ex-
ample, several children died of
leukemia after barrels of toxic
waste leaked into their
neighborhood's ground water. I
wished to help prevent such
tragedies by learning how to
detoxify industrial waste.
After a few months in gradu-
ate school, I realized that envi-
ronmental engineers cannot
remedy every pollution problem.
New hazardous chemicals are
being created faster than engi-
neers can discover safe ways to
dispose of them; according to
one estimate, 1000 new chemi-
cals enterthe marketplace each
year. The rapid pace of chemi-
cal development has forced
environmental engineers to
undertake research in basic sci-
ences like biology and chemistry
to unearth new phenomena that
might aid pollution control. I hove
spent much of my time as a
graduate student researching a
frontier of modern biology — a
discipline I once thought fell far
afield of engineering.
A bit of history
To understand how biology
relates to water pollution, you
need to know some environ-
mental engineering history. Inthe
late nineteenth century, early
environmental engineers discov-
ered that when they trickled
municipal sewage (what you
flush down your toilet) through a
deep rock bed, it emerged
clean. Later scientists discovered
the mechanism that cleaned the
sewage water: microscopic
organisms attached to the rocks
were digesting the pollutants.
New hazardous
chemicals are
being created
faster than engi-
neers can discover
safe ways to
dispose of them.
ft
Today, microorganisms are
still the primary tools for removing
pollutants from both municipal
sewoge and some industrial dis-
charges. The organisms grow
either in filters, similar to the his-
toric rock beds, or in large vats
called "activated sludge' tanks.
But there is a key difference be-
tween modern and historical
environmental engineering:
Modern pollutants are much
harder to degrade than human
sewage. Millions of years of evo-
lution created microorganisms
that easily degrade human
waste. But evolution lags far
behind the pace of synthetic
chemical development. The
natural bacteria upon which
environmental engineers have
relied for decades have not
adopted to digesting all of the
man-made chemicals. The most
hazardous pollutants travel
through sewage treatment
plants unchanged, ending up in
rivers that may serve as a down-
stream community's drinking
water supply. Consequently, a
major challenge environmental
engineers face today is devel-
oping bacteria that con digest
the ever-increasing range of
pollutants.
Using genetics to clean water
My research team com-
bines genetics and environ-
mental engineering. In a nutshell,
we ore studying a way to supply
bacteria with genetic material
that would enable them to di-
gest new pollutants. The pieces
of genetic material ore called
plasmids. They are the key we
hope will unlock the door to a
whole new range of solutions to
environmental problems.
Plasmids ore mode of DNA,
the substance that encodes the
basic life functions of every living
being, from microscopic bacte-
ria to humans. Plasmids ore not
essential for cell life in on ordinary
environment; all of the DNA a
cell needs to grow and repro-
duce is stored in the chromo-
somes. Instead, plasmids con-
tain extra genetic information
that allows a cell to survive in a
harsh environment.
Plasmids con contain infor-
mation that allows bacteria to
survive in the presence of antibi-
otics (like penicillin) that would
otherwise kill them. In fact, the
first scientists to discover plasmids
were medical researchers inves-
tigating why penicillin was no
longer killing certain disease-
causing bacteria. More impor-
tant for environmental engineer-
8
Bioengineering may be used to clean up many polluted water such as Champaign-Urbana's Boneyard.
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ing, plasmids can contain infor-
mation tt^ot allows bacteria to
digest extremely toxic sub-
stances, converting thiem to
carbon dioxide and harmless cell
byproducts. For example, biolo-
gists at a California genetic
engineering firm discovered a
plasmid that permits its host
bacteria to degrade trichloroeth-
ylene, the most common con-
taminant at hazardous v^/aste
sites.
What is especially unique
about plasmids is that one bac-
terium can transfer a copy of its
plasmid to another bacterium of
on entirely different species.
Microbiologists hypothesize that
plasmids move between species
when a plasmid-containing cell
grows a long filament that at-
taches to a plosmid-free cell. The
filament draws thetwo cells close
together, somehow allowing a
copy of the plasmid to transfer.
To understand how remarkable
the plasmid transfer phenome-
non is, consider a large-scale
analogy: What if a cow could
extend a filament to a human,
donating DNA that would en-
able humans, like cows, to thrive
on a pure grass diet?
The capability ofDNA trans-
fer between bacterial species is
what makes plasmids potentially
useful for environmental engi-
neers. Engineers could develop
a strain of bacteria with a plas-
mid that allows it to degrade a
target pollutant like trichloroeth-
ylene. It is likely that these special
bacteria would not grow well in
a sewage treatment plant's
unique environment (because of
temperature and lack of nutri-
ents). But the special bacteria
could transfer their plasmids to
the cells that ore native to the
treatment plant, outfitting the
plant to remove trichloroethylene
from the waste stream.
Speedy plasmids
My research relates to the
speed of plasmid transfer. Speed
is a key factor in determining
whether a particular plasmid
could be used for waste treat-
ment. If a plasmid transfers too
slowly, plasmid-containing bac-
teria would wash out of the treat-
ment plant along with the pol-
luted water, rendering a lost ef-
fort.
I am trying to verify a simple
mathematical equation that sci-
feature
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entists have proposed to describe
plosmid movement. In my experi-
ments, I mix two species of bac-
teria — one with a plasmid, the
other without — and count the
number of bacteria that receive
plasmids in a given time interval.
I have discovered that the pro-
posed simple eauation may be
inadequate to describe plasmid
behavior, because the amount
of food energy available to the
bacteria affects plasmid trans-
fer.
Many more researchers will
need to study plasmids before
environmental engineerscan use
them. In addition to finding
accurate equations that de-
scribe plasmid transfer speed,
scientists must develop new plas-
mids to handle the ever-increas-
ing number of pollutants. Other
scientists can then construct
small-scale waste treatment sys-
tems to test whether plasmid
transfer will work in realistic pollu-
tion situations. With so much fun-
damental research incomplete,
we are probably more than a
decade oway from being able
to enlist plasmids in environ-
mental clean-up.
Environmental engineering
has not taught me easy solutions
towaterpollution. Instead, I have
learned that solving water pollu-
tion problems is infinitely more
complexthancreatingthem. We
continue to seek ways to clean
up the environmental mess we
have created. But the true solu-
tion to the environmental crisis
lies in lowering our chemical
dependency — in finding non-
toxic alternatives to the hazard-
ous chemicals we now take for
granted.
--Jacqueline MacDonald
photo by Kathenne Kim
Jacqueline MacDonald counting the number of bacteria that recieved plasmids
after an experiment to determine the speed of plasmid transfer.
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A petri dish showing colonies of bacteria that recieved a plasmid to let them grow
in the presence of an antibiotic.
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On the periodic table,
Tellurium, Te is elemer^t number
52. Iodine, I, is element number
53. Whiichi has the greater gram
molecular weight?
2. A boat is made out of a solid
piece of silver. Will it float or sink
in mercury?
3. Ten boxes are labelled to 9.
Digits are placed in each box
so that the digit in the first box
stands for how many 1 's, etc. to
9. What is that number?
4. Instead of ten boxes, 16
boxes are used (the hexadeci-
mal number system). What
number is needed to fill the
boxes?
- Tani Chen
-11 - fech-teasers
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M Ierm Papers Made Easy...
Imagine using a computer-
ized encyclopedia to look up
John F. Kennedy. The computer
displays, among other things, a
brief synopsis of his assassination.
You decide to learn a little bit
more about the assassination, so
you use the mouse to click on the
subheading. Instantly, an in-
depth article appears detailing
the assassination. Of course,
seeing is believing, so you de-
cide you wont to see film clips of
the assassination. You click on
the video icon, and you have
instant access to film clips of the
assassination and relevant press
conferences. If you would like to
learn a little bit about th assassin,
you could simply click on the
name, Lee Harvey Oswald,
wherever it may be mentioned
in the articles, and you would see
his picture as well as a biography
and film clips of his assassination.
Possibly you are interested in the
results of the Warren Report— all
that information is available at a
single click of the mouse as well.
It almost seems that the com-
puter is anticipating the way you
think and associate.
This is exactly the goal of a
new form of media, hyperme-
dia, which could become the
first original and popular form of
media since television. The con-
cept behind hypermedia in-
volves sequencing by associa-
tion. Instead of sequencing in-
formation alphabetically, nu-
merically, or in some other ob-
scure fashion that has absolutely
nothing to do with the informa-
tion itself, information is con-
nected to other information
which can be associated with it.
This means that the sequence in
which the user viewsthe informa-
tion is completely up to the user.
The user need not even view all
of the information, only that
which is relevant to his/her proj-
ect. Additionally, information is a
term which does not apply ex-
clusively to the printed word.
Information con come in theform
of pictures, graphs, charts, mops,
sound, music, and even moving
pictures. All of this is available at
one computer terminal, instead
of having relevant information
spread out in different filing
cabinets, sections of a library,
sections of the country, or even
disks on a computer.
The concept of hyperme-
dia can be traced back to a
paper introduced in August,
1945, in which Vannevar Bush,
director of the U.S. Office of Sci-
entific Research and Develop-
ment, proposed a machine he
called a memex:
...in which an individual
stores all his books, records,
communications, and
which is mechanized so that
it may be consulted with
exceeding speed and flexi-
bility.... With one item in its
grasp, it snaps instantly to
the next item that is sug-
gested by the association
of thoughts, in accordance
with some intricate web of
trails carried by the cells of
the brain.
Although his machine was
completely imaginary, the con-
cepts Bush proposed were util-
ized on computers as early as the
late 1960's. During 1968, a primi-
tive hypertext system (similar to
hypermedia, but without the
concentration on graphics and
sound) was created to organize
NASA documents for the Apollo
moon mission. During the same
year, Douglas Engelbart intro-
duced the NLS (oN Line System),
allowing the Stanford Research
Institute scientists to link docu-
ments in their mainframe com-
puters.
During recent years, the
introduction of the optical disc
as a form of mass storage, with its
capabilities to easily store the
massive amounts of information
that represent digitized pictures
and sounds, has made true
hypermedia much more acces-
sible for practical use. Improve-
ments in software have contrib-
uted a great deal as well, for two
packages, Apple's HyperCard
and OWL International's Guide,
are widely available for home
computers which alone do not
have access to this kind of stor-
age.
The hardware required for
future hypermedia systems still
looks uncertain. So far, compa-
nies seem to hove taken two
different approaches, and it is
far too early to tell which will be
more popular at home, some
computer companies pair a CD-
ROM player with a personal
computer in an approach that
Apple calls "interactive media."
Other companies, such as Sony
and Philips, sell interactive CD
players with the hopes that they
will attract computer-shy people.
Although hypermedia seems to
be definitely keyed towards the
12-
storage and retrieval of informa-
tion, this does not mean ttiat its
purposes are solely dedicated
to reference information, as in
the beginning example. In some
working examples, of hyperme-
dia, medical schools at Stanford
and Cornell ore using hyperme-
dia "textbooks' to study human
anatomy. The Shakespeare
project at Stanford allows stu-
dents to watch rehearsols and
compare scenes from different
plays, as well as browse through
the wardrobe and prop rooms
for each of the plays. The Na-
tional Geographic Society is
presently completing a set of
hypermedia field trips that would
allow students to travel foreign
lands and nations in their own
rooms. Ford, Boeing, and Re-
nault are all using hyperware
maintenance manuals to diag-
nose repair problems. Broder-
bund software is working on a
hyperware version of the Whole
Earth Catalog. Some authors
are even experimenting with the
system and writing in nonlinear
fashions. Imagine reading a
novel-length story tailored to your
own interests—be it romance,
science fiction, or maybe a
western; written from a male's,
female's, or third person' s point
of view; or dozens of other possi-
bilities.
It would seem though, that
the ultimate application for
hypermedia would be "the ulti-
mate library," where information
on any topic could easily be
accessed from any magazine,
newspaper, film, record, cas-
sette, or book source ever pub-
lished. As a matter of fact. Bell
Communications, Research is
currently working on such a sys-
tem called Telesophy. A proto-
type of the system has been
running for over two and one-
half years. Telesophy contains
wire service reports, magazines,
journal abstracts, and digitized
pictures to which it can refer.
About 300,000 such items are
currently available. Eventually, it
may be possible to use optical
fiberstolinktogethercomporable
libraries at several different loca-
tions into a large Telesophy net-
work and retrieve the informa-
tion over the phone wires.
Hypermedia may also bring
another revolution in itself—
a
revolution of new computer pro-
grammers. Hyperware uses
"buttons" in order to navigate
about associable material. Even
the most inexperienced program-
mer can easily program these
buttons on most systems to point
wherever and look like any icon
they wish. In fact, for a simple,
non-interactive hyperware appli-
cation, all a user needs to do is
tell the buttons where to point.
There is no written program re-
quiredtodothismuch. Although
an interactive application does
require segments ofwritten code,
the code required in most sys-
tems is easily learned and very
English-like. The simplicity of pro-
gramming on a hyperware sys-
tem additionally facilitates a
plentiful supply of "public do-
main" applications, or applica-
tions that people may have writ-
ten for themselves, and the gave
away freely. Apple and
HyperCard'sauthor, Bill Atkinson,
have especiallyencouraged this,
as the HyperCard program is
packaged with the Macintosh,
allowing for as wide of distribu-
tion as possible forthe program in
the home and business environ-
ments.
The ability to program hyper-
ware applications easily does
have its drawbacks. Many
people not accustomed to pro-
gramming may be unaware that
their applications still need to be
debugged just as any other
developmental program. In
addition, because there is no
simple way to view the links be-
tween all ofthe information, there
is no way to be sure, outside of
trial and error, that all buttons
point to the right place, that all
information is associated as it
should be, and so on. Also, the
newer hyperware systems with
their more advanced and flashy
features pose certain problems.
Just OS people have overdone
fancy fonts and art on current
desktop publishing programs, it is
certain that they will overdo
fancy graphics and sound ef-
fects which may only serve to be
boring, repetitive, time-consum-
ing, and memory-consuming.
Programmers may also attempt
to program an application which
has no business in a hyperware
environment.
The applications of hyper-
software are so numerous that
they cannot be adequately rep-
resented here. However, these
applications are not readily ob-
vious and require some thought
as to the abilities of the software
being used. If, however, the
general computer-using public
orthe multi-million dollar software
companies begin to realize the
ramifications that hypersoftware
could have on our society, it is
certain that hypermedia will
become the fourth major form of
media along with the printed
word, movies/television, and
radio.
- John Fulfz
Do you know
something we
don't
If you just happen to know
about a neat engineering
topic, or you would like to
the world to hear about
that scintillating research
experiment you happen to
be performing, tell us about
it! We pay for articles on
just about any engineering
topic. Call Chi-Ting at
328-6808 or Minako at 332-
4383 for more infomiation.
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ressure Tuned Spectroscopy
photo by Chris Guy
H. G. Drickamer working in the lab on a
Ai/gh pressure experiment.
The application of high
pressure in laboratories all over
the world enables scientists to
moke many advancements in
such diverse fields as chemistry,
physics, biochemistry , and engi-
neering. It's extensive use within
the field of science is spurred by
the realization that pressure is on
effective and fundamental in-
strument for exploring both mo-
lecular and electronic proper-
ties of matter.
Percy Williams Bridge-
man the forerunner of research
in high pressure physics is cred-
ited with the invention of appa-
ratus for obtaining very high pres-
sures. His principles are still the
basis of modern day improve-
ments in high pressure cell design
and devices for measuring over
high pressure ranges.
Here at the University of
Illinois, Professor H.G. Drickamer
and his staff are incorporating
high pressure into modern sci-
ence with the use of "pressure
tuned spectroscopy'.
The ability to investigate
molecular properties and inter-
molecular interactions in the
condensed phase is based on
spectroscopically measuring
vibrational energy levels of mole-
cules and/or the interaction of
molecules with a medium. This
spectroscopic data establishes
a foundation for defining
boundaries between intensity
and lifetime in luminescence
energy, outlining the principles
and the interactions of molecules
within the environment, and
describing semiconductors and
metals.
In condensed phases,
pressure, or compression, en-
hance the overlapping of atoms
and molecules. Because of the
different spatial characteristics of
orbitols, they are disturbed to
varying degrees by the increas-
ing overlap. Therefore, it is pos-
sible to "pressure tune' electronic
and vibrational energy levels.
Through pressure tuning, exten-
sive changes can be made in
electrical, magnetic , and chemi-
cal properties of matter over a
range of pressures. These altera-
tions in the properties of matter
increase understanding of cer-
tain types of properties observed
in molecules at a pressure of one
atmosphere.
With the use of pressure
tuning. Professor Drickamer has
performed extensive liquid phase
spectroscopic research. Initially,
experimentation involved meas-
uring C=0, C-H, N-H, and 0-H
stretching frequencies for diverse
molecules in solvents such as
C2CI2 and CS2. In a paper
entitled "Pressure Tuning Spec-
troscopy', Professor Drickamer
concluded that depending on
the relationship between bond
polorizability and the repulsive
force of electrons, a shift to higher
or lower energy in vibrational
excitations could be achieved.
Specifically, a red shift, polor-
izability,was characteristic at low
pressures and a blue shift, repul-
sion, at high pressure. These re-
sults hove provided opportuni-
ties for new theoretical analyses
of molecular interactions in solu-
tion.
According to Professor
Drickamer, properties of liquids
such as volume, viscosity, dielec-
tric constant and refractive in-
dex con be altered over large
pressure ranges when there are
large discrepancies in the liquid
properties, (with the exception
of refractive index). If molecular
properties ore measured in the
identical medium and over the
some pressure range, one con
directly establish a relationship
between bulk, volume, viscosity,
and dielectric constant, and
molecular properties.
Peripheral studies illustrate
the relationship between inter
and intramolecular forces of
absorption and emission on
bonding and anti-bonding mo-
lecular levels. It was found that
this difference in energy in-
creased with bond compression.
However, since polorizability in-
creaseswhen molecule has on
excited electron, the von der
Wools forces stabilize the anti-
bonding orbital. According to
Professor Drickamer, "For excita-
tions like pi and pi* or gamma -
gamma* where the anti-bond-
ing orbital interacts strongly with
the environment as pressure is
applied, a shift to lower energy is
-14
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observed which increases with
increasing solvent polarizability.
'
Professor Drickamer notes that
there is also an importance in the
differences in dipole moment
between ground and excited
states. A red shift results upon
increase of excitation
. and a blue
shift is observed where the di-
pole moment decreases upon
excitation.
Further studies of high pres-
sure by ProfessorDrickamerwere
conducted in the solid state.
Pressure induced rearrange-
ments on the molecular level
produce many conclusions
about solid state chemistry. In
the gas phase, or in solution, a
molecular rearrangement at a
given temperature and pressure
relies solely upon the existing free
energy between two molecular
geometries, (stochastic proc-
esses). Since crystal molecules
interact strongly, any rearrange-
ment that occurs must occur
simultaneously (a cooperative
process called a first order phase
transition). However, if interac-
tions between molecules are
weak, the probability of mole-
cules rearranging is less than one
percent, but greater than the
probability predicted by the
energy difference existing be-
tween the two geometries. Pro-
fessor Drickamer explained the
first occurrence in pressure in-
duced rearrangement lying be-
tween the stochastic and first
order transition as "extent of
cooperativity".
Although there is no coop-
erativity in the gas phase, liquids
exhibit intense centralized coop-
erativity. Crystal cooperativity is
basically macroscopic. Poly-
mers, glasses and weakly inter-
acting molecular crystals lie be-
tween these two limits.
If intense molecularinterac-
tions exist, rearrangement often
does not result in the lowest free
energy of the "free molecule".
This is not a problem as long as
the rearrangement results in
lowering the free energy of the
crystal. In addition,the cause for
pressure induced molecular
rearrangements in solids is asso-
ciated with intermolecularforces
and packing as well as changes
in molecular bond length. Pro-
fessor Drickamer also notes that
since the occupied electronic
states of the molecule are al-
tered when rearrangement
occurs, changes in electronic
spectra caused by pressure "form
a diagnostic of the type of
change occurring in the pres-
sure range over which this rela-
tively drastic pressure tuning
occurs."
In conclusion, the use of
pressure tuning of electronic ond
vibrational energy levels has
greatly enhanced our knowl-
edge of molecular properties in
liquids and solids as well as many
other forms of matter of which
were not discussed. Its use in
both physics and chemistry
exhibit its power and versatility.
Future use of pressure tuning
spectroscopy may increase our
knowledge of delicate molecu-
lar properties as well as bring
insight for further use of high
pressure in scientific experimen-
tation.
- Elizabeth Peszynski
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Techprofile: Jean-Pierre Leburton
photo t>y Chris Guy
Outstanding technical
people from around ttie world
tiave ctiosen to come and pur-
sue tt^eir work at thie University of
Illinois at Chiampaign-Urbana.
One suchi scientist is Jean-Pierre
Leburton, a native of Belgium
and an expert in semiconductor
electronics.
Dr. Leburton, who is an As-
sociate Professor of Electrical and
Computer Engineering here at
the U of I, says, " It is the goal of
many European scientists to
spend some time in U.S. labs.' He
came here for the first time in
1981 forooneyearappointment
as a visiting scholar. The appoint-
ment was renewed for another
year, and following that he
accepted a faculty position in
the physical electronics group in
the Electrical Engineering de-
partment.
His chief scientific interest is
the physical understanding of
semiconductor devices. He and
histeam of sixgraduate students,
guided by known physical prin-
ciples and the results of previous
laboratory testing, develop
models which describe the ac-
tion of such devices under vari-
ous conditions. These devices
include diodes, transistors, semi-
conductor lasers, and the like.
With each new reduction in size,
the physics of making and using
these tiny devices becomes more
complex. Dr. Leburton and his
students use a bank of Apollo
workstations in order to crunch
out answers that are impossible
to obtain analytically.
^^
The cornfields were
not too appealing.
And also thie speed
limit; I'm used to driv-
ing mucti faster.
=rr
Although silicon has been
the material of choice for the
semiconductor industry thus far,
new candidates such as gallium
arsenide, which is a compound
of elements in the third and fifth
columns of the periodic table,
are the focus of most of his re-
search. "I originally came here
because the lll-V compounds
research group is known around
the world as a leader in the field.
The latest developments in mi-
croelectronics, optoelectronics
(traditional circuitry combined
with optical elements to speed
up performance) and nanostruc-
ture devices (electronics with
geometries lOto ICXDtimessmaller
than those currently produced)
require the use of high purity lll-V
compounds like gallium
arsenide."
Besides doing research. Dr.
Leburton is a student advisor, and
teaches several courses related
to microelectronics, such as E.E.
229 (Introduction to Electromag-
netic Fields) and E.E. 340 (Solid
State Electronic Devices). Com-
paring European and American
educational systems, he says
that, "In Europe it is more human-
istic; you get a broader back-
ground. In science, the course-
work is much broader, and stu-
dents take more math and fun-
damental physics courses. In the
U.S., training is more practical,
more industry-oriented. This is very
apparent in graduate study.
(U.S.) graduate students work on
problems of immediate practi-
cal concern."
As an undergraduate stu-
dent. Dr. Leburton received a
Physics degree ,and he achieved
his Doctorate in Physics from the
University of Liege in Liege, Bel-
gium. HeworkedforSiemens,the
West German electronics giant,
fortwo years before coming here.
Concerning his arrival in (jham-
poign-Urbona, he soys, "The
cornfields were not too appeal-
ing. And also the speed limit; I'm
used to driving much faster. But
after one year, you like it here.
The people are nicer here than
anywhere else I've lived. And
another thing- it doesn't rain all
the time during the summer, like
it does in Belgium. Here, you can
have picnics and play tennis
without being rained on." Dr.
Leburton lives in Chompaignwith
his wife.
— Geoff Ryder
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TECH-TEASERS
/. Surprisingly enough, tel-
lurium is heavierthan iodine.
Tellurium has a molecular
weight of 127.60, but iodine
has a molecular weight of
126.90. Other similar "rever-
sals" are argon-potassium
and cobalt-nickel.
2. Float. Silver has a density
of I0.5g/cm3 and mercury
has a density of ]3.5g/cm3.
3. 6,210,001,000. This is
unique.
4. In the hexadecimal
number system A is 10, B is
ll,Cisl2,Disl3,Eisl4,and
F is 15. The number is
C,2 10,000,000,00 1 ,000. This
is unique. (Martin Gardner.
Mathematical Circus. New
York: Vintage Books, 1981.)
•••••••••••
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TECH-VISIONS
/ . Ceramics building
backwards
2. Transportation Building
3. Transportation Building
(again)
4. Levis Center
5. Krannert (The Foellinger
Great Hall)
6. Altgeld upside down
7. Loomis
8. Student Union sideways
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WhatJoeJohnson wants, JoeJohnson gets.
ven as a young boy, glowing up in poverty on a Seneca
reservation, Joe Johnson knew he had what it takes to be a success.
And with fierce determination he found his opportunity— at GE.
As a member of CiF.'s renowned Manufacturing Management
Program, Joe's fulfilhng his potential in a big way. PYom his very first
assignment lielping to IjuiUl the top-secret control panel of a nuclear
submarine, to his current supervisory role in (iE's aircraft engine
manufacturing plant, he's had a chance to develop the skills that mark
him as a leader.
Less than two vears onto his career path, Joe's experienced the
thrill of seeing his ideas come to life. His energ) and drive have plugged
into the kind of global support svstem most graduates just dream about.
i.¥. wants people like Joe. And people like Joe definitely want (iK.
An equal opportunity employer.
